Nonenzymatic browning reactions between dihydroxyacetone (DHA) and amino acids were investigated using buffers as solvents. Regardless of the type of amino acid, DHA was much more reactive than glucose or xylose. Among amino acids tested, lysine was most reactive. The rate of browning was maximum around a DHA-amino acid molar ratio of 1.5, when the total concentration of DHA plus amino acid was constant at 0.1M.
Nonenzymatic browning reactions between sugars and amino acids through the Maillard reaction is well known to be responsible for many noxious changes of the essential amino acids including the development of brown discoloration and destruction.1.2) However, there is also an increasing interest in the browning reaction which may contribute to the formation of flavor,3) antioxidant,4) pre servatives5) and coloring materials.6) Most of the works on the browning reaction so far reported have been concerned with pentoses or hexoses as the sugar reactant.
In recent years, dihydroxyacetone (DHA), a triose, has been attracting considerable atten tion as a reactant in the browning reactions. Meybeck7) studied on the reaction products of DHA with amino acids by the spectroscopic method, and suggested that the products were conjugated polymers. Substances prepared by the reactions of DHA with valine8) and with phenylalanine9) were patented as a flavor enhancer of tobacco and a honey-like flavo rant, respectively. In previous papers,10,11) we reported the antioxidant properties of the browning products prepared from DHA and amino acids . However, there has been a lack of systematic study on the reaction of DHA with amino acids . The present paper describes the 
RESULTS
Effect of pH on the browning intensity in the reaction of reducing sugars with lysine The browning rate of the reducing sugar lysine system was examined in buffer solutions of various pHs. Glucose, xylose and DHA were used as reducing sugars for the browning reaction. Lysine hydrochloride was chosen as a reactant amino acid since this amino acid had been known as the most reactive amino acid in the Maillard reaction.1) Generally, as can be seen from Fig.1 browning reaction was accelerated with the increase in pH. In the case of the DHA-lysine system, considerable browning occurred at such low pHs 4 and 5, and the intensity of browning increased almost linearly with in creasing pH. Although pigment formations in both the xylose-lysine and glucose-lysine sys tems were almost negligible at pH 4, and slight at pH 5, they increased significantly at higher pHs. In the following experiments, the brown ing reaction in buffers were performed at pH 7.0.
FIG. 2. Browning Intensity of the Reaction of Various
Combinations of Reducing Sugars and Amino Acids. The browning reaction was carried out at pH 7.0. Other reaction conditions were the same as described in Fig. 1 .
DHA produced the most intense color, fol lowed by xylose and then glucose. Among the amino acids tested, lysine was most reactive, followed in a decreasing order by glycine, phenylalanine, methionine and serine. Even an acidic amino acid, aspartic acid, formed considerable browning color by reacting with DHA.
Effect of DHA/amino acid ratio on browning intensity Reaction systems with various DHA/amino (D/A) molar ratios were examined for the browning reaction. In these systems, the total concentration of DHA plus an amino acid was maintained constant at 0.1M. Lysine, glycine and serine were selected as amino acid re tensity of DHA-proline was investigated by using aqueous methanol. As shown in Fig. 4 , the browning rate was significantly influenced by the concentration of water in the reaction system. At 10% water concentration (90% methanol), the rate of pigment formation was extremely low. At water concentrations of less than 5%, the browning intensity increased exponentially with the decrease in water content in the solvent in spite of the lowering of the boiling point. The rate of browning was maximum in absolute methanol in which the browning rate was about 15 times higher than that in 95% methanol.
Browning reaction of DHA with amino acid esters in aqueous ethanol The effect of water content in aqueous ethanol on the browning intensity of the DHA-glycine ethylester or DHA-serine ethyl ester system was investigated. In these systems, as shown in Fig. 5 , almost the same tendency as in the reaction in the DHA-proline methanol system was obserbed. 
